The relationship between the concentration of plasma arginine vasopressin (AVP), urine volume, and osmolality during and after an abdominal operation was studied in nine patients. In all patients the AVP level rose well above that necessary for maximal antidiuresis (5 fmol ml-') and then returned to within the normal range (0.5-5.0 fmol ml-') usually over the next 24 hours. During this period of raised AVP concentration the urine volume, which varied considerably, was closely related to osmolar excretion. With the fall of AVP to normal levels, all but one of the patients eventually exhibited positive free water clearance. However, in most patients the urine remained hypertonic for some hours and its volume continued to be determined mainly by osmolar load which was itself apparently related to glomerular filtration rate. At no time was there a significant relationship between changes in plasma AVP concentration and urinary volume.
A DIMINISHED URINE FLOW in the early hours after A operation was first reported by Pringle and his colleagues in 1905 and was ascribed to the effects of anesthesia on renal function.' By the 1950s, studies of renal function during and after surgical operation had led to the conclusion that it was trauma rather than anesthesia that altered renal performance2'3 and that the underlying reason for this alteration was probably "hormonal imbalance".4'5 Le Quesne and Lewis6 demonstrated how salt and water excretion could be affected separately, and suggested that the antidiuretic hormone arginine vasopressin (AVP) was responsible for the diminished urine flow and raised urinary concentration seen in the early postoperative period, though it was soon recognized that throughout this period urinary volume depended to some extent on solute excretion. 7 Using a bioassay, Eisen and Lewis8 demonstrated AVP in large amounts in the urine of postoperative patients, and some years later it was shown by Moran From the Department of Surgical Studies, The Middlesex Hospital, and the *Department of Physiology, The Middlesex Hospital Medical School, London, England and others9"0 that the magnitude and duration of the secretory response were proportional to the severity of the surgical procedure. However, levels of the hormone at the time of operation were generally far higher than was required to achieve a maximal antidiuresis and it was noted that, although in general there was some relationship between the increase in plasma AVP levels and the duration of the changes in free water clearance, it was not possible to demonstrate a regression between AVP levels and urinary free water clearance.
Much of this early work based on the use of bioassays has been repeated and confirmed' 1,12 using the more precise radioimmunoassay of AVP. However, the exact relationship, if any, between changes in AVP concentration and changes in urine volume in the early postoperative period remains uncertain. The purpose of this study on surgical patients was to assess the role of AVP in determining renal function during and after surgery by examining in detail the relationship between urinary volume and concentration and plasma levels of the hormone.
Patients and Methods
Studies were carried out on nine patients undergoing abdominal operation requiring general anesthesia and the routine use of a urinary catheter. No standard protocol for anesthesia or fluid intake was used, and the choice of premedication, anesthetic agents, and administered drugs and fluids was left to the anesthetist and the clinician in charge of each case.
In each patient, following premedication, a central venous catheter was inserted under local anesthesia via a cubital vein. Prior to induction of anesthesia, a 5-ml sample of blood was taken for base-line measurements 384 FIELDMAN, FORSLING, AND LE QUESNE In all of the patients, plasma AVP rose during the study period to a maximum level far in excess of that at which the hormone is considered to have its maximum antidiuretic effect under normal resting conditions (5.0 fmol ml-1).15 In most patients this rise occurred within 1 hour of the beginning of operation, but in two (Patients 3 and 5) it was delayed until after the end of operation. The range of maximum plasma AVP concentration was 25.2 to 100.8 fmol ml-' with a median value of 59.5 fmol ml-'. Plasma AVP returned to below 5.0 fmol ml-' within 24-hours of the end of operation in eight patients and by 32 hours in the ninth (Patient 9) (Table 3) . Following this fall, in some of the cases the level of the hormone remained low, while in others relatively small intermittent rises continued to occur (Fig. 1.) .
In six of the nine patients studied, when the level of AVP was above 5 fmol ml-', the urine was invariably hyperosmolar, the maximum concentration ranging from 589 to 941 mosm L' with a median value of 792 mosm L-'. However, in three patients (2, 4, and 8), positive free water clearance occurred despite a raised plasma AVP level, the longest documented period over which this was found being 5 hours. Thus, of the 32 occasions on which positive free water clearance occurred throughout the study, 10 were when plasma AVP was above 5 fmol ml-'.
Plasma osmolality (initial range 271-287 mosm kg-', median 284 mosm kg-') reached a maximum within 12 hours of the end of operation, rising between 0 and 8 mosm kg-' (median 3 mosm kg-'). A subsequent fall occurred in every case (range 6-30 mosm kg-', median 19 mosm kg-') with final osmolalities in the range 256-284 kg-' (median 276 mosm kg-1).t
The relationship between plasma AVP concentration and urinary output is shown in Figure 2 , a conventional plot of urinary volume, osmolar clearance, and free water clearance combined with a graph of the plasma concentrations of AVP in patient 1. In this patient's case, it is clear that the fall in AVP level to below 5 fmol ml-' was associated with the development of positive free water clearance. Inspection of the graphs suggests also that a relationship exists between urinary volume and solute excretion. This relationship is more readily apparent if the same data are plotted sequentially on logarithmic scales'4 ( Fig. 3) . By this method it is evident that when AVP levels were above 5 fmol ml-', urinary volume varied from period to period in welldefined oscillations that coincided with changes in solute excretion. The development of free water clearance that occurred once plasma AVP fell into its normal range (0.5-5.0 fmol ml-') is also well shown by the graphical analysis of this case. In other patients though, the development of free water clearance following the fall of plasma AVP was generally seen only after a delay of several hours (Table 3) , during which period urine production continued to be primarily determined by solute excretion. In patient 9, solute-governed excretion of urine was seen exclusively, with no free water clearance observed even at the end of the 72-hour study despite a fall of AVP to normal levels 40 hours previously (Fig. 4) .
There was no significant relationship between urinary volume and the plasma concentration of AVP (over the range of 0.7 to 100.8 fmol ml-') either in individual patients or in the group as a whole, regardless of whether the plasma level of the hormone was above 5 fmol ml-' or within the normal range, and regardless of whether or not there was positive free water clearance.
As a measure of glomerular filtration rate (GFR) creatinine clearance was calculated for 70 periods at various times throughout the studies on seven of the cases. Both solute excretion (UosmV) and osmolar clearance (Cosm) were found to be significantly related to GFR (Fig. 5) .
Discussion
A rise in plasma AVP concentration is well-recognized as one of the factors involved in the metabolic response to trauma and has been assumed to be of crucial importance in determining urine production after surgery. In this present investigation no formal study was made of the factors responsible for A.VP secretion in the perioperative period. For this reason no attempt was made to standardize anesthetic agents, drugs, or fluids, and while it is known that somatic pain, visceral pain, changes in plasma osmolality, blood volume, arterial and venous blood pressure, and body temperature, as well as various drugs and anesthetic agents can all affect 385 AVP secretion,'5 no additional information has been produced concerning the ways in which these factors may operate. Furthermore, it is evident that there exists considerable individual variation in the pituitary response to perioperative stimuli, for although plasma levels of AVP rose significantly in every case, two patients (3 and 5) failed to exhibit this response until after operation, and in one of these cases (5) this was despite the use of hypotensive anesthesia. In most cases an initial perioperative AVP peak was followed by a second, often larger secretory peak that occurred as the patient recovered from anesthesia (Fig. 1) . In the two patients 3 and 5, it was this postoperative peak (which has previously been described by Haas and Glick'2 and was attributed by them to pain) that was seen by itself.
In addition to the individual variation seen in the secretory response to stimulation, the pattern of the return of AVP levels back to the normal range also seemed to vary from patient to patient. In the longer studies, extended periods of low AVP levels could be interrupted by further small increases in secretion, perhaps caused by postoperative pain. The pattern of a postoperative plateau followed by a slow decline over several days, described by Moran, was not observed and it may be that this pattern was simply due to a coincidence of small peaks of AVP secretion with plasma samples taken only infrequently. Indeed, in this series a normal level of AVP was achieved much earlier than reported by Moran (and other workers), with the fall completed by 24 hours after the end of operation in eight out of the nine cases studied.
While plasma AVP was at levels above the normal range, urinary volume was, as might be expected, unrelated to plasma levels of the hormone; furthermore, there was no relationship between these two factors even when the plasma AVP concentration was below 5 fmol ml-'. The importance of urinary solute load in determining urinary volume in the early postoperative period has been demonstrated before,7 but this study graphically illustrates the intimate association of these two variables throughout the course of the changes in output that occurred (Figs. 3 and 4) . These constant oscillations are often seen in published data, but the reason for them and their physiological significance is unknown. Although changes in aldosterone secretion may undoubtedly modify sodium excretion after surgery, studies of perioperative plasma levels of the hormone'6 suggest that these changes are not rapid enough to account for the variations in solute excretion identified in this study.
The degree to which urine output may be dissociated from AVP secretion is emphasized by the observation that low perioperative urine volumes were produced in the two patients (3 and 5) in whom the rise in hormone the possibility is raised that GFR might play a direct level did not occur until after the end of their operation. part in determining urinary volume in a manner indeIn patient 5, two creatinine clearances measured dunrng pendent of the effect of AVP. Indeed, an examination surgery were particularly low at 12 and 5 ml minute-', of the data from all the studies supports the view that, and although the accuracy of these figures as an absolute after rising to normal levels, GFR continues to influence indication of GFR may be questioned at this low level, urinary output, and that this influence is exerted by an When AVP fell to below a maximally antidiuretic level (5 fmol ml-1), one patient (1) promptly developed a diuresis. This was almost entirely due to an increase in free water excretion with very little change in the excretion of solute. In the eight other patients studied, the fall in plasma AVP did not coincide with an increase in free water excretion, and variations in solute excretion and urinary volume followed their original pattern at least for a number of hours. In this regard it is important to note that in this study no deductions could be made concerning the secretion of AVP from observations on the urine. In particular, negative free water clearance was an unreliable indicator of the presence of high levels of AVP in the plasma.
The conditions necessary for a fall in plasma AVP concentration to produce a water diuresis have not yet been clarified, but it is evident that such a fall is not necessarily sufficient in itself to reduce the amount of water that crosses the collecting duct wall into the renal medulla. At any given plasma level of AVP this quantity will obviously depend on the osmolality of the medullary interstitium. In the immediate postoperative period this is probably highly variable as a result of changes not only in GFR, but also in intrarenal hemodynamics, which are in turn influenced by a multitude of factors including AVP itself, circulating catecholamines, kinins, renin, prostaglandins, autonomic activity, hematocrit, plasma protein concentration, and plasma sodium. None of these variables is stable at this time, and the renal medulla in different patients may well behave differently and require different conditions of perfusion and AVP activity to permit a water diuresis. There is also the possibility that AVP activity is itself modulated by a number of renal factors, including prostaglandins. In addition, the circulating half-time of AVP in plasma is considerably shorter than the hormones' duration of action in the kidney. ' VOl. 201 * , NO. 3 
